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FAIL REPAIR CIRCUIT OF NONVOLATILE 

FERROELECTRIC MEMORY DEVICE 
AND METHOD FOR REPAIRING THE SAME 



[0001] The present invention claims the benefit of Korean Patent Application No. P2001- 
32476 filed in Korea on June 11, 2001, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor memory device, and more 
particularly, to a fail repair circuit of a nonvolatile ferroelectric memory device and a 
method for repairing the same. 
B ackground of the Related Art 

[0003] Generally, a nonvolatile ferroelectric memory, i.e., a ferroelectric random access 
memory (FRAM) has a data processing speed equal to a dynamic random access memory 
(DRAM) and retains data even in power off. For this reason, the nonvolatile ferroelectric 
memory has received much attention as a next generation memory device. 
[0004] The FRAM and DRAM are memory devices with similar structures, but the FRAM 
includes a ferroelectric capacitor having a high residual polarization characteristic. The 

residual polarization characteristic permits data to be maintained even if an electric field is 

/ 

removed. 

[0005] FIG. 1 shows hysteresis loop of a general ferroelectric. As shown in FIG. 1, even if 
polarization induced by the electric field has the electric field removed, data is maintained 
at a certain amount (i.e., d and a states) without being erased due to the presence of 
^ residual polarization (or spontaneous polarization). A nonvolatile ferroelectric memory 
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cell is used as a memory device by corresponding the d and a states to 1 and 0, 
respectively. 

[0006] A related art nonvolatile ferroelectric memory device will now be described. FIG. 
2 shows a unit cell of a related art nonvolatile ferroelectric memory. 
[0007] As shown in FIG. 2, the related art nonvolatile ferroelectric memory includes a 
bitline B/L formed in one direction, a wordline W/L formed to cross the bitline, a plate line 
P/L spaced apart from the wordline in the same direction as the wordline, a transistor T 
with a gate connected with the wordline and a source connected with the bitline, and a 
ferroelectric capacitor FC. A first terminal of the ferroelectric capacitor FC is connected 
with a drain of the transistor T and a second terminal is connected with the plate line P/L. 
[0008] A redundancy algorithm of the related art nonvolatile ferroelectric memory device 
will now be described with reference to FIG. 3. 

[0009] As shown in FIG. 3, a full address memory test and a fail bit analysis are carried 
out in such a maimer that a chip test is carried out after a prior process to find out a fail 
address. 

[0010] When the analyzed fail address can be repaired by a row repair circuit, a fuse is cut 
using a laser beam to code a corresponding address in a row repair fuse block. 
[0011] Once the corresponding fail address is input after the fuse cutting is completed, an 
active signal of the repair circuit is generated to activate a repair cell. 
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[0012] Meanwhile, a main cell corresponding to the fail address is inactivated by an 
inactive signal of the repair circuit. 

[0013] Therefore, the main cell of a corresponding fail address is inactivated while the 
repair cell is activated. 

[0014] The aforementioned related art method for repairing a fail address of a nonvalitile 
semiconductor memory device has several problems. 

[0015] If a fail bit is generated, the analysis step of the fail bit is additionally required. In 
this case, a problem arises in that the redundancy algorithm becomes complicate. For this 
reason, there is limitation in reducing the redundancy time. 

[0016] Furthermore, since the fuse is cut using the laser beam to repair the failed cell, it is 
difficult to change or add the redundancy algorithm at any time. 

SUMMARY OF THE INVENTION 
[0017] Accordingly, the present invention is directed to a fail repair circuit of a nonvolatile 
ferroelectric memory device and a method for repairing the same that substantially 
obviates one or more problems due to limitations and disadvantages of the related art. 
[0018] An object of the present invention is to provide a fail repair circuit of a nonvolatile 
ferroelectric memory device and a method for repairing the same, in which a redundancy 
time can be reduced. 
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[0019] Another object of the present invention is to provide a fail repair circuit of a 
nonvolatile ferroelectric memory device and a method for repairing the same, in which a 
redundancy algorithm can be changed or added at any time. 

[0020] Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objectives and other advantages of the invention may be realized and 
attained by the structure particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

[0021] To achieve these objects and other advantages and in accordance with the purpose 
of the invention, as embodied and broadly described herein, a fail repair circuit of a 
nonvolatile ferroelectric memory device having a repair logic unit therein, the fail repair 
circuit includes: a memory test logic block generating a redundancy active pulse (RAP) if a 
row address including a fail bit to be repaired is found during test; a power-up sensor 
generating a power-up pulse if a stable power source voltage is sensed; a first redundancy 
control block generating first to fifth control signals ENN, ENP, EQN, CPL, and PREC 
and a sixth control signal ENW in response to the RAP and the power-up pulse; a counter 
generating n bit counter bit signal increased by one bit through the RAP to correspond to 
the number of redundancy bits; a redundancy counter decoding control block generating an 
activated coding signal ENW<n> in response to the counter bit signal of the counter and 
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the sixth control signal ENW; and a redundancy coding block outputting a master signal in 
response to the coding signal ENW<n> and the first to fifth control signals, programming a 
fail address in a plurality of redundancy coding cells, and outputting seventh and eighth 
control signals REN<n> and RPUL<n> to repair the programmed fail address. 
[0022] In another aspect of the present invention, in a method for repairing fail of a 
nonvolatile ferroelectric memory device having a repair logic unit therein, the method 
includes the steps of: generating a redundancy active pulse (RAP) if a row address 
including a fail bit to be repaired is found during test; generating a power-up pulse if a 
stable power source voltage is sensed; generating first to fifth control signals ENN, ENP, 
EQN, CPL, and PREC and a sixth control signal ENW in response to the RAP and the 
power-up pulse, the first to fifth control signals controlling a redundancy coding block and 
the sixth control signal controlling a redundancy counter decoding control block; 
generating n bit counter bit signal increased by one bit through the RAP to correspond to 
the number of redundancy bits; generating an activated coding signal ENW<n> 
corresponding to the fail bit in response to the counter bit signal of the counter and the 
sixth control signal ENW; programming a fail bit(address) in the redundancy coding block 
including a redundancy master cell and a redundancy coding cell, each having ferroelectric 
capacitors, in response to the first to fifth control signals ENN, ENP, EQN, CPL, and 
PREC and the activated coding signal ENW<n>; and outputting seventh and eighth control 
signals REN<n> and RPUL<n> to repair the programmed fail address. 



l-WA/1701566.1 



6 



[0023] It is to be understood that both the foregoing general description and the following 
detailed description of the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this application, illustrate 
embodiments of the invention and together with the description serve to explain the 
principle of the invention. In the drawings: 
[0025] FIG. 1 shows a hysteresis loop of a general ferroelectric; 
[0026] FIG. 2 is a schematic view of a unit cell of a related art nonvolatile ferroelectric 
memory device; 

[0027] FIG. 3 is a block diagram illustrating a redundancy algorithm of the related art 
nonvolatile ferroelectric memory device; 

[0028] FIG. 4 is a block diagram illustrating a redundancy algorithm of a nonvolatile 

ferroelectric memory device according to the present invention; 

[0029] FIG. 5 is a detailed block diagram illustrating a redundancy algorithm of a 

nonvolatile ferroelectric memory device according to the present invention; 

[0030] FIG. 6 is a schematic view of a redundancy counter decoding control (RCDC) 

block of FIG. 5; 
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[0031] FIG. 7 is a block diagram illustrating a row redundancy algorithm according to the 
present invention; 

[0032] FIG. 8 is a block diagram of a redundancy coding block of FIGS. 5 and 7; 

[0033] FIG. 9 is a block diagram illustrating a second redundancy coding block of FIG. 7; 

[0034] FIG. 10 is a circuit diagram illustrating a predecoder of FIG. 7; 

[0035] FIG. 1 1 is a schematic view illustrating a signal input/output relation of a post 

decoder, a redundancy wordline driver, a plate line driver, and a redundancy cell array 

block; 

[0036] FIG. 12 is a circuit diagram illustrating a redundancy coding cell of FIG. 8; 
[0037] FIG. 13 is a circuit diagram illustrating a redundancy master cell of FIG. 8; 
[0038] FIG. 14 is a timing chart illustrating the operation of the redundancy coding cell 
and the redundancy master cell in a power-up mode; and 

[0039] FIG. 15 is a timing chart illustrating the operation of the redundancy coding cell 
and the redundancy master cell in a fail address program. 

DETAILED DESCRIPTION OF THE INVENTION 
[0040] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 
[0041] All of memory devices including FRAM may decline a specific bit or generate a 
fail bit. Such a fail bit can be repaired by additionally arranging a redundancy cell in one 
chip. 
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[0042]' In the present invention, when a fail bit is generated, a redundancy coding cell is 
constituted by fabricating a ferroelectric capacitor used for a nonvolatile ferroelectric 
memory device in the same manner as a process of fabricating a memory cell, thereby 
completing a redundancy circuit. 

[0043] In other words, in a nonvolatile ferroelectric memory device having a repair logic 
circuit according to the present invention, a row fail repair circuit and a method for driving 
the same are provided, in which a logic coding method is used. In the present invention, 
when an address having a fail bit to be repaired is generated during test, the address is 
directly repaired. 

[0044] A fail repair circuit of a nonvolatile ferroelectric memory device and a method for 
driving the same will be described with reference to FIGS. 4 and 5. 
[0045] FIG. 4 is a block diagram illustrating a redundancy algorithm of a nonvolatile 
ferroelectric memory device according to the present invention, and FIG. 5 is a detailed 

block diagram illustrating a redundancy algorithm of a nonvolatile ferroelectric memory 

.■ 

device according to the present invention. 

[0046] As shown in FIGS. 4 and 5, the fail repair circuit of the nonvolatile ferroelectric 
memory device according to the present invention includes a nonvolatile memory device 
50, a memory test logic block 5 1, a counter 52, a power-up sensor 53, a first redundancy 
control block 54, a redundancy counter decoding control block 55, and a redundancy 
coding block 56. 
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[0047] The nonvolatile memory device 50 includes FRAM. The memory test logic block 
51 is to test the nonvolatile memory device 50. A built-in self test (BIST) logic circuit is 
separately provided in an embedded system chip to enable memory test therein. 
[0048] The memory test logic block 51 generates a redundancy active pulse (RAP) if an 
address having a fail bit is found in the nonvolatile memory device 50 during test. 
[0049] The counter 52 is designed to generate n bit counter output from the RAP. In other 
words, if the number of redundancy bits is four, the counter 52 outputs 2 bits. If the 
number of redundancy bits is eight, the counter 52 outputs 3 bits. If the number of 
redundancy bits is sixteen, the counter 52 outputs 4 bits. 

[0050] For example, if the counter 52 is designed to output 3 bits with 8 redundancy bits, 
as shown in FIG. 5, bits "000" are increased to "1 11" and again back to "000". Such a 
cycle is repeated. 

[0051] Since a trigger pulse of the counter 52 is the RAP, the RAP is generated if a fail bit 
is generated. In this case, the. counter 52 has an increased bit by one bit by means of the 
RAP. The counter 52 is reset in response to a power up pulse (PUP) signal of the power-up 
sensor 53. 

[0052] For example, if an initial state of the counter 52 is "1 1 1", the counter 52 outputs 
"000" by one RAP. Only RCDC<0> from the redundancy counter decoding control 
(RCDC) block 55 is activated by the code "000" while the other RCDC<n> is inactivated. 
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[0053] The power-up sensor. 53 generates the PUP signal if a power source voltage is input 
thereto. 

[0054] The first redundancy control block 54 outputs redundancy control signals in 
response to the PUP signal of the power-up sensor 53 and the RAP signal of the memory 
test logic block 51. Of the redundancy control signals, an ENW signal involved in a fail 
address coding program serve to control the operation of the redundancy counter decoding 
control block 55. 

[0055] In other words, an activated ENW<n> is output by the activated ENW input to the 
redundancy counter decoding control block 55 . - 

[0056] Next, the redundancy counter decoding control block 55 includes a plurality of first 
redundancy counter decoding control block RCDC<0> to nth redundancy counter 
decoding control block RCDC(n>. The redundancy counter decoding control block 55 
outputs the ENW<n> to the redundancy coding block 46, i.e., the redundancy coding block 
diagram (RCBD) in response to the counter bit signal output from the counter 52 and the 

redundancy control signal ENW output from the first redundancy control block 54. 

j 

[0057] The redundancy coding block (RCBD) 56 includes a plurality of first to nth 
redundancy coders. 

[0058] The redundancy coding block 56 reads a redundancy coding state in response to 
first and second address signals ADD and ADDB, the signal ENW<n>, and signals ENN, . 
ENP, EQN, CPL, and PREC. Also, the redundancy coding block 56 programs the fail 
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address in a redundancy coding cell. If a corresponding fail address is input, a redundancy 
cell is used to repair it. 

[0059] The redundancy counter decoding control block 55 will now be described in more 
detail with reference to FIG. 6. 

[0060] A counter output decoder 60 for outputting a counter bit signal from the counter 52 
will first be described. 

[0061] The counter output decoder 60 includes a counter output coding bus 61 for coding 
the counter bit signal output from the counter 52, and a first NAND gate block 62 
consisting of a plurality of NAND gates performing logic AND operation of each coding 
signal from the counter output coding bus 61 and inverting the resultant value. 
[0062] The redundancy counter decoding control block 55 includes a first inverter block 
63 consisting of a plurality of inverters inverting an output signal of each NAND gate of 
the first NAND gate block 62, a second NAND gate block 64 consisting of a plurality of 
NAND gates performing logic AND operation of an output signal of each inverter of the 
first inverter block 63 and the ENW signal of the first redundancy control block 54 and 
inverting the resultant value, and a second inverter block 65 consisting of a plurality of 
inverters inverting an output signal of each NAND gate of the second NAND gate block 64 
and outputting signal ENTW<n>. 
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[0063] The redundancy counter decoding control block 55 codes one redundancy block by 
activating only one redundancy control signal ENW<n> when a counter code is changed 
one time. Thus, only one redundancy coding block is activated. 

[0064] A circuit of an FRAM chip for realizing a row redundancy algorithm according to 
the present invention will be described below. 

[0065] FIG. 7 is a block diagram illustrating the row redundancy algorithm according to 
the present invention. 

[0066] As shown in FIG. 7, the FRAM chip for realizing the row redundancy algorithm 
includes a redundancy coding block 56, a second redundancy control block 70, a 
predecoder block 71, a post decoder block 72, a wordline/plate line driver 73, a main cell 
array block 74, a redundancy wordline/plate line driver 75, and a redundancy cell array 
block 76. 

[0067] The redundancy coding block 56 is to store an address of a current cycle in a 
redundancy cell. As shown in FIGS. 5 and 7, the redundancy coding block 56 is operated 
in response to the signals ENN, ENP, EQN, CPL, and PREC output from the first 
redundancy control block 54, the signal ENW<n> output from the redundancy counter 
decoding control block 55, and the first and second address signals ADD/ADDB output 
•from the memory test logic block 51. Then, the redundancy coding block 56 outputs the 
signal RPUL<n> of n bit to the second redundancy control block 70 and also outputs the 
REN<n> to a plurality of predecoders of the predecoder block 71. 
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[0068] Next, the second redundancy control block 70 outputs a signal DECDIS to the 
predecoders of the predecoder block 71 in response to the RPUL<n> from the redundancy 
coding block 56, and also outputs a signal REDEN to the redundancy wordline/plate line 
driver 75. 

[0069] The post decoder block 72 includes a plurality of post decoders. 

[0070] The predecoder 71 inactivates a normal predecoder path using the signal DECDIS 

input from the second redundancy control block 70 and activates a predcoder output path 

that can be used as a redundancy circuit, using the signal REN<n>. 

[0071] The normal post decoder path is inactivated in response to the operation of the 

predecoder 71 . The post decoder is activated as it receives a signal DEC<n> from the 

predecoder activated by the signal REN<n>. 

[0072] The redundancy wordline/plate line driver 75 is activated as it receives Post 
DEC<n> output from the activated post decoder and the signal REDEN output from the 
second redundancy control block 70. Thus, a corresponding redundancy cell of the 

redundancy cell array block 76 is activated. 

7 

[0073] A corresponding main cell of the main cell array block 74 is inactivated while the 
redundancy cell is activated. 1 - 

[0074] A detailed circuit structure of the redundancy coding block 56, the second 
redundancy control block 70, and the predecoder 71 and their operation will be described 
below. 
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[0075] FIG. 8 is a block diagram of a redundancy coding block of FIGS. 5 and 7, FIG. 9 is 
a block diagram illustrating a second redundancy coding block of FIG. 7, and FIG. 10 is a 
circuit diagram illustrating a predecoder of FIG. 7. 

[0076] As shown in FIG. 8, one redundancy coding block 56 includes a redundancy master 
cell 80 and a plurality of redundancy coding cells. The redundancy coding block 56 further 
includes a first NOR gate NOR1 performing logic OR operation of an output signal 
according to on/off state of the redundancy coding cells and inverting the resultant value, a 
first inverter INI inverting a signal of the first NOR gate NOR1 and outputting a signal 
REN<n>, a second inverter IN2 inverting a signal of the first inverter INI and outputting a 
signal RPUL<n>, and PMOS transistors respectively arranged in final output terminals of 
the redundancy coding cells connected in a row direction. 

[0077] Each of the PMOS transistors is arranged in such a manner that a ground voltage ■ 
VSS is connected between each final output terminal of the redundancy coding cells and a 
power source voltage terminal VCC. 

[007?] At this time, the master signal is input to one input terminal of the first NOR gate 
NOR1 depending on a connection state between RSI and RS2 following the operation of 
four redundancy coding cells. The first redundancy coding cell is connected with the 
second redundancy coding cell through RSI. The second redundancy coding cell is 
connected with the third redundancy coding cell through RS2. The third redundancy 
coding cell is connected with the fourth redundancy coding cell through RSI. 
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[0079] The redundancy master cell 80 is to determine whether to activate or inactivate the 
whole redundancy coding cells . 

[0080] The redundancy master cell 80 and the redundancy coding cells are operated in 
response to the signals ENN, ENP, EQN, CPL, and PREC output from the first redundancy 
control block 54 and the signal ENW<n> output from the redundancy counter decoding 
control block 55. 

[0081] When the redundancy master cell 80 is inactivated (default state), it outputs a 
master signal of high level. When the redundancy master cell 80 is activated, it outputs a 
master signal of low level. 

[0082] The redundancy coding cells serve to store an actual fail column address. 

[0083] In a state that the fail column address is stored in the redundancy coding cells, if a 

fail column address equal to the stored fail column address is input, RSI and RS2 are 

connected with each other, i.e., no resistance occurs, thereby flowing current thereto. If not 

so, RSI and RS2 are not connected with each other, i.e., high resistance occurs. 

[0084] Therefore, only if all the redundancy coding cells are turned on, the signal REN<n> 

is output at low level. If not so, the signal REN<n> is output at high level. 

[0085] As shown in FIG. 7, only if the signal REN<n> is low, the redundancy path of the 

predecoder can be activated. 

[0086] Meanwhile, the signal RPUL<n> can be output at high level in case of a 
corresponding redundancy operation. 
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[0087] One signal REN<n> and one signal RPUL<n> are output from the unit redundancy 
coding block. 

[0088] The second redundancy control block 70 will be described with reference to FIG. 9. 

[0089] As shown in FIG. 9, the second redundancy control block 70 includes a NOR gate 

block 90 consisting of a plurality of third input NOR gates, a first NAND gate NAND1 

performing logic AND operation of each output signal of the NOR gates of the NOR gate 

block 90 and inverting the resultant value, a third inverter IN3 inverting an output signal of 

the first NAND gate NAND1 and outputting a signal DECDIS, and a fourth inverter IN4 

inverting the signal of the third inverter IN3 and outputting a signal REDEN. 

[0090] The signal REDEN is directly input to the redundancy wordline/plate line driver 

75, and the signal DECDIS is used to inactivate a main predecoder path. 

[0091] A detailed circuit of the redundancy predecoder for activating the redundancy path 

will now be described with reference to FIG. 10. 

[0092] As shown in FIGS. 7 and 10, the predecoder block 71 includes a plurality of 
predecoders. Each of the predecoders includes a first row address from X-DEC<n>, a 
second row address from X-DEC<m>, a third NAND gate block 1 00 consisting of a 
plurality of NAND gates operating in response to the signal DECDIS from the second 
redundancy control block 70, a fourth NAND gate block 101 consisting of a plurality of 
NAND gates operating in response to the output signal of each NAND gate of the third 
NAND gate block 100 and the signal REN<n>, and a delay circuit 102 consisting of a 
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plurality of delay units D0~Dn delaying and outputting the output signal of each NAND 
gate of the fourth NAND gate block 1 0 1 . 

[0093] When the signal DECDIS is low, all the NAND gates of the third NAND gate 
block 100 output high level regardless of the first and second address signals ADD and 
ADDB. 

[0094] In another predecoder, the signal DECDIS is used to inactivate a main predecoder 
path. Accordingly, the output of each NAND gate of the fourth NAND gate block 101 is 
determined by the signal REN<n>. 

[0095] The fourth NAND gate 102 outputs the output signal DEC<n> through the 
respective delay units D0~Dn of the delay circuit 102 in response to the signal REN<n>. 
[0096] As described above, the output signal of the predecoder block is determined by 
only the signal REN<n> regardless of the address signal. Also, the state of the signal 
DEC<n> is determined depending on which REN<n> has been activated at low level. 
[0097] Next, signal input/output relation of the post decoder block 72, the redundancy 
wordline/plate line driver 75, and the redundancy cell array block 76 operating in response 
to the signal DEC<n> output from the predecoder block 71 will be described with 
reference to FIG. 11. 

[0098] As shown in FIG. 1 1, the post decoder block 72 outputs a signal Post DEC<n> to 
the redundancy wordline/plate line driver 75 in response to the signal DEC<n> output from 
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the predecoder block 71. The redundancy cell array block 76 operates in response to the 

signals REDEN and Post DEC<n> from the post decoder block 72. 

[0099] The signal DEC<n> is used to select one of a plurality of row addresses from the 

redundancy cell array block. Consequently, the signal DEC<n> is used to activate one of 

the row addresses in the redundancy wordline/plate line driver 75. 

[0100] In a normal operation region, all the signals REN<n> are maintained at high level 

and the signal DECDIS is also maintained at high level, so that a normal address decoder 

path is activated. 

[0101] The redundancy coding cell and the redundancy master cell will be described with 
reference to FIGS. 12 and 13. 

[0102] As shown in FIG. 12, the redundancy coding cell determines whether to connect 
RSI to RS2 in response to the signals ENN, ENP, EQN, CPL, ENW, ADD, and ADDB. 
The redundancy master cell determines whether to output the master signal in response to 
the signals ENN, ENP, EQN, CPL, PREC, and ENW. 

[0103] First, the redundancy coding cell, as shown in FIG. 12, includes a first PMOS 
transistor PM1 transferring a power source voltage VCC to a first node Nl in response to 
the signal ENP; a first latch 122 having one node connected with the first node Nl and the 
other node connected with second and third nodes N2 and N3; a first NMOS switch S 1 
controlling whether to connect the second node N2 with the third node N3 in response to 
the signal EQN; a first NMOS transistor NM1 having a gate terminal to which the signal 
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ENW is input, a source terminal to which a signal of the second node N2 is transferred, 
and a drain terminal to which the first address signal ADD is input; a second NMOS 
transistor NM2 having a gate terminal to which the signal ENW<n> is input, a source 
terminal to which a signal of the third node N3 is transferred, and a drain terminal to which 
the second address signal ADDB is input; third and fourth NMOS transistors NM3 and 
NM4 turned on/off depending on the first and second address signals ADD and ADDB; a 
fifth NMOS transistor NM5 transferring the ground voltage VSS to a fourth node N4 in 
response to the signal ENN; a second latch 121 having one node connected with the fourth 
node N4 and the other node connected with fifth and sixth nodes N5 and N6; a first 
ferrorelectric capacitor FC1 arranged between an input node of the signal CPL and the fifth 
node N5; a second ferroelectric capacitor FC2 arranged between the input node of the 
signal CPL and the sixth node N6; a third ferroelectric capacitor FC3 arranged between the 
fifth node N5 and the ground voltage terminal VSS; a fourth ferroelectric capacitor FC4 
arranged between the sixth node N6 and the ground voltage terminal VSS; and sixth and 
seventh NMOS transistors NM6 and NM7 turned on/off under the control of the signals of 

i 
I 

the fifth and sixth nodes N5 and N6. 

[0104] If either the third and sixth NMOS transistors NM3 and NM6 or the fourth and 
seventh NMOS transistors NM4 and NM7 are turned on, RSI is connected with RS2. 
[0105] The first latch 120 includes two PMOS transistors while the second latch 121 
includes two NMOS transistors. 
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[0106] Data stored in the first and second ferroelectric capacitors FC1 and FC2 are 
opposite to each other. The third and fourth ferroelectric capacitors FC3 and FC4 serve as 
capacitance loading elements required to sense and read the stored data. 
[0107] The RSI and RS2 are output nodes that determine which fail address is stored in 
the redundancy coding cell. 

[0108] For example, if the fail address is high, the ADD is high while the ADDB is low. 
[0109] If the first and second NMOS transistors NM1 and NM2 are turned on by the signal 
ENW<n>, high data and low data are respectively stored in the first and second 
ferroelectric capacitors FC1 and FC2. 

[0110] At this time, if a corresponding fail address is input after redundancy coding, the 
fifth node N5 and the ADD become high level, so that the third and sixth NMOS 
transistors NM3 and NM6 are turned on. Thus, the RSI and RS2 are under low resistance 
state in which they are electrically connected with each other. 

[0111] By contrast, if an address other than the corresponding fail address is input, the fifth 
node N5 is maintained at high level while the ADD is maintained at low level, so that the 
third NMOS transistor NM3 is turned off while the sixth NMOS transistor NM6 is turned 
on. Thus, the RSI and RS2 are under high resistance state in which they are not electrically 
connected with each other. 

[0112] If the fail address is low, the ADD becomes low while the ADDB becomes high. 
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[0113] If the ENW<n> activated at high level is input, the first and second NMOS 
transistors NM1 and NM2 are turned on so that low data and high data are respectively 
stored in the first and second ferroelectric capacitors FC1 and FC2. 
[0114] If a corresponding fail address is input after redundancy coding, the sixth node N6 
and the ADDB become high level, so that the fourth and seventh NMOS transistors NM4 
. and NM7 are turned on. Thus, the RSI and the RS2 are under low resistance state in which 
they are electrically connected with each other. 

[0115] By contrast, if an address other than the corresponding fail address is input, the 
sixth node N6 is maintained at high level while the ADDB is maintained at low level, so 
that the fourth NMOS transistor NM4 is turned off while the seventh NMOS transistor 
NM7 is turned on. Thus, the RSI and RS2 are under high resistance state in which they are 
not electrically connected with each other. 
[0116] Therefore, the corresponding fail address can be coded. 

[0117] The structure of the redundancy master cell will be described with reference to FIG. 
13. ' 

f 

[0118] As shown in FIG. 13, the redundancy master cell includes a second PMOS 
transistor PM2 transferring the power source voltage VCC to a seventh node N7 in 
response to the signal ENP; a third latch 130 having one node connected with the seventh 
node N7 and the other node connected with eighth and ninth nodes N8 and N9; a second 
NMOS switch S2 controlling whether to connect the eighth node N8 with the ninth node 
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N9 in response to the signal EQN; an eighth NMOS transistor NM8 having a gate teiminal 
to which the signal ENW<n> is input, a source terminal to which a signal of the eighth 
node N8 is transferred, and a drain terminal to which the power source voltage is input; a 
ninth NMOS transistor NM9 having a gate terminal to which the signal ENW<n> is input, 
a source terminal to which a signal of the ninth node N9 is transferred, and a drain terminal 
to which the ground voltage VSS is input; a tenth NMOS transistor NM10 transferring the 
ground voltage VSS to a tenth node N10 in response to the signal ENN; a fourth latch 13 1 
having one node connected with the tenth node N10 and the other node connected with 
eleventh and twelfth nodes Nl 1 and N12; a fifth ferrorelectric capacitor FC5 arranged 
between the input terminal of the signal CPL and the eleventh node Nl 1 ; a sixth 
ferroelectric capacitor FC6 arranged between the input terminal of the signal CPL and the 
twelfth node N12, seventh and eighth ferroelectric capacitors FC7 and FC8 arranged in 
parallel between the eleventh node Nl 1 and the ground voltage terminal VSS; a ninth 
ferroelectric capacitor FC9 arranged between the eleventh node Nl 1 and the ground 
voltage terminal VSS; and eleventh and twelfth NMOS transistors NM1 1 and NM12 

'; ■ ■ 

arranged in series between the output terminal of the master signal and the ground voltage 
terminal under the control of the eleventh node 1 1 and the signal PREC. 
[0119] If the eleventh NMOS transistor NM1 1 and the twelfth NMOS transistor NM12 are 
turned on, the master signal is maintained at low level. 
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[0120] The third latch 130 includes two PMOS transistors while the fourth latch 131 
includes two NMOS transistors. 

[0121] As described above, data stored in the fifth and sixth ferroelectric capacitors FC5 
and FC6 are opposite to each other. The seventh, eighth and ninth ferroelectric capacitors 
FC7, FC8, and FC9 serve as capacitance loading elements required to sense and read the 
stored data. 

[0122] The redundancy master cell is operated in response to the signals ENN, ENP, EQN, 
CPL, ENW<n> used in the redundancy coding cell. The signal PREC has a path different 
from that of the master signal. 

[0123] Also, since the VCC is always connected to the drain terminal of the eighth NMOS 
transistor NM8 and the VSS is always connected to the drain terminal of the ninth NMOS 
transistor NM9, high data is stored in the eleventh node while the low data is stored in the 
twelfth node during redundancy operation. 

[0124] Therefore, the master signal may be maintained at low level or high level by the 
signal RREC during redundancy operation. In case of no redundancy operation, since the 
eleventh node is maintained at low level, the eleventh NMOS transistor NM1 1 is always 
turned off. 

[0125] The signal PREC is maintained at high level in an active period where the chip 
enable signal CSB is low, so that the twelfth NMOS transistor NM12 is activated. While 
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the signal PREC is maintained at low level in a precharge period, so that the twelfth 
NMOS transistor NM12 is inactivated. 

[0126] Before the high data and the low data are respectively written in the ferroelectric 
capacitors FC5 and FC6, the capacitance load of the eleventh node Nl 1 increases so that 
the low data is always stored in the eleventh node Nil. 

[0127] To increase the capacitance load of the eleventh node Nl 1, the whole size of the 
ferroelectric capacitors FC7 and FC8 is designed to be greater than the size of the 
ferroelectric capacitor FC9. 

[0128] The difference value in the capacitance load should not be affected by destructive 
charges when high data is stored in one node of the ferroelectric capacitor FC5, 
[0129] In other words, if high charge of the ferroelectric capacitor FC5 is supplied to the 
eleventh node Nl 1 , a voltage level of the eleventh node Nl 1 is higher than that of the 
twelfth node N12 even though the eleventh node Nl 1 has a greater capacitance load than 
the capacitance load of the twelfth node N12. 

[0130] A method for repairing a failed address of a nonvolatile ferroelectic memory device 

< ■ 

according to the present invention will be described with reference to FIGS. 14 and 15. 
[0131] FIG. 14 is a timing chart illustrating the operation of the redundancy coding cell 
and the redundancy master cell in a power-up mode, and FIG. 15 is a timing chart 
illustrating the operation of the redundancy coding cell and the redundancy master cell in a 
fail address program. 
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[0132] The operation of the nonvolatile ferroelectric memory device will be described in a 
power supply mode a built-in self test (BIST) mode. 

[0133] First, the power supply mode, as shown in FIG. 14, is operated by a power-up 
mode. Namely, the power supply mode is to sense data stored in a redundancy cell and is 
performed by the power-up mode. 

[0134] The operation of storing a fail address during the BIST mode in the redundancy cell 
is shown in FIG. 15. 

[0135] In the power supply mode, as shown in FIG. 14, a power-up sensing pulse PUP is 
generated if the power up supply reaches a stable level. If the PUP is generated, the EQN is 
transited from high level to low level so that the GPL is transited from low level to high 
level. 

[0136] The charges stored in the first and second ferroelectric capacitors FC1 and FC2 of 
FIG. 12 generate the voltage difference in both nodes of the cell, i.e., the fifth and sixth 
nodes by the capacitance load of the third and fourth ferroelectric capacitors FC3 and FC4. 
[0137] Furthermore, the charges stored in the fifth and sixth ferroelectric capacitors FC5 
and FC6 of FIG. 13 generate the voltage difference in both nodes of the cell, i.e., the 
eleventh and twelfth nodes by the capacitance load of the seventh, eighth, and ninth 
ferroelectric capacitors FC7, FC8, and FC9. 

[0138] Afterwards, if the voltage difference is generated between the fifth and sixth nodes, 
between the eleventh and twelfth nodes, and between the seventeenth and eighteenth 
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nodes, the ENN and the ENP are respectively activated at high level and low level, so that 
data at both ends of the cell are amplified. 

[0139] If the data at both ends of the cell are amplified, the CPL is transited to low level 
again so that the destructed high data of the ferroelectric capacitor FC1 or FC2 are 
recovered. 

[0140] At this time, the ENW<n> is inactivated at low level so that external data is 
prevented from being written. 

[0141] Next, in the BIST mode, it is tested whether a fail bit has been generated in the 
nonvolatile ferroelectric memory device. If the fail bit has been generated, a method for 
repairing the fail bit will be described. 

[0142] As shown in FIG. 5, a nonvolatile ferroelectric memory device 50 (FRAM) is 
tested. If the fail bit is generated, the RAP is generated in the memory test logic block 51: 
[0143] The first redundancy control block 54 that receives the RAP generates the CPL 
signal and the ENW signal of high level. 

[0144] At this time, the ENN is output at high level, the ENP at low level, and the EQN at 
low level. 

[0145] The counter 52 that received the RAP from the memory test logic block 51 outputs 
a counting signal to the counter output coding bus 61. 
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[0146] The redundancy counter decoding control block that received the ENW from the 
first redundancy control block 54 and the counting signal from the counter 52 outputs, 
ENW<n> of high level to a corresponding redundancy coding block. 
[0147] The corresponding redundancy coding block, as shown in FIGS. 7 and 8, outputs 
the signals RPUL<n> and REN<n> through the redundancy master cell 80 and the 
redundancy coding cells. 

[0148] At this time, the redundancy master cell 80 and the plurality of redundancy coding 
cells receive the signals ENN, PREC, and CPL at high level and the signals ENP, EQN, 
ADD, and ADDB at low level from the first redundancy control block 54, and receive the 
signal ENW<n> having a certain width at high level from a corresponding redundancy 
counter decoding control block. 

[0149] The redundancy master cell 80, as shown in FIG. 13, outputs a master signal 
through the circuit of FIG. 13 before outputting the signals RPUL<n> and REN<n>. The 
redundancy coding cells, as shown in FIG. 12, code failed redundancy cells through the 
circuit of FIG. 12. 

[0150] When the existing data is changed to new data as a fail address is generate, fail 
address data is stored in the redundancy coding cell of FIG. 12 and the redundancy master 
cell is activated using the circuit of FIG. 13. 

[0151] For example, when the fail address is high, the signal ADD is high while the signal 
ADDB is low. 



1-WAA701565.1 



28 



) 



) 

) 



[0152] If the first and second NMOS transistors NM1 and NM2 are turned on by the signal 
ENW<n>, high data and low data are respectively stored in the first and second 
ferroelectric capacitors FC1 and FC2. 

[0153] At this time, if a corresponding fail address is input after redundancy coding, the 
fifth node N5 and the signal ADD become high level, so that the third and sixth NMOS 
transistors NM3 and NM6 are turned on. Thus, the RSI and the RS2 are under low 
resistance state in which they are electrically connected with each other. 
[0154] By contrast, if an address other than the corresponding fail address is input, the fifth 
node N5 is maintained at high level while the signal ADD is maintained at low level, so 
that the third NMOS transistor NM3 is turned off while the sixth NMOS transistor NM6 is 
turned on. Thus, the RSI and the RS2 are under high resistance state in which they are not 
electrically connected with each other. 

[0155] If the fail address is low, the signal ADD becomes low while the signal ADDB 
becomes high. 

[0156] If the signal ENW<n> activated at high level is input, the first and second NMOS 
transistors NM1 and NM2 are turned on so that low data and high data are respectively 
stored in the first and second ferroelectric capacitors FC1 and FC2. 
[0157] If a corresponding fail address is input after redundancy coding, the sixth node N6 
and the signal ADDB become high level, so that the fourth and seventh NMOS transistors 
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NM4 and NM7 are turned on. Thus, the RSI and the RS2 are under low resistance state in 
which they are electrically connected with each other. 

[0158] By contrast, if an address other than the corresponding fail address is input, the 
sixth node N6 is maintained at high level while the signal ADDB is maintained at low 
level, so that the fourth NMOS transistor NM4 is turned off while the seventh NMOS 
transistor NM7 is turned on. Thus, the RSI and the RS2 are under high resistance state in 
which they are not electrically connected with each other. 
[0159] Therefore, the corresponding fail column address can be coded. 
[0160] The output of the master signal will be described with reference to FIG. 13. 
[0161] The existing data at both ends of the cells shown in FIGS. 12 and 13 is changed to 
the fail address data while the signal ENW<n> is maintained at high level. The changed 
fail address data is stored in the ferroelectric capacitors FC1 and FC2. To this end, as 
shown in FIGS. 12 and 14, the ENW<n> is transited to low level after the CPL is transited 
to high level in the same manner as the ENW<n>, so that the CPL is transited to low level 
after a certain time period. This operation should be performed while the corresponding 
fail address is in active state during one cycle. 

[0162] The second redundancy control block 70 that received the signal RPUL<n> outputs 
the signal DECDIS to the predecoder block 71 and also outputs the signal REDEN to the 
redundancy wordline/plate line driver 75 . 
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[0163] At this time, the signal DECDIS serves to inactivate the normal predecoder path 
while activates only the predecoder output path that can be used as a redundancy circuit. 
[0164] The signal REDEN serves to control the redundancy wordline/plate line driver 75 
and is opposite to the signal DECDIS. 

[0165] Afterwards, the predecoder block 71 outputs a signal DEC<n>, and the post 
decoder block 72 that received the signals REDEN and DEC<n> outputs a signal Post 
DEC<n> to the redundancy wordline/plate line driver 75. 

[0166] At this time, the signal DEC<n> is used to activate one of a plurality of row 
addresses in the redundancy wordline/plate line driver 75, and is used to select one of the 
row addresses from the redundancy cell array block. Namely, the redundancy cell is coded 
to repair the cell where the fail address is generated. 

[0167] The aforementioned fail repair circuit of a nonvolatile ferroelectric memory device 
and the method for repairing the same according to the present invention have the 
following advantages. 

[0168] First, no analysis step of the fail bit is required. If the fail bit is generated during the 
address test, the failed address is directly repaired. Accordingly, the test and redundancy 
time can be reduced. 

[0169] Furthermore, since the redundancy algorithm can be applied regardless of the chip 
type such as the wafer type or the package type, it is possible to change or add the 
redundancy algorithm at any time. Moreover, since the fail bit generated during the 
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memory test can directly be repaired, the fail repair circuit of the present invention can be 
used for an embedded FRAM. 

[0170] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the fail repair circuit of nonvolatile ferroelectric memory device 
and method for repairing nonvolatile ferroelectric memory device of the present invention 
without departing from the spirit or scope of the invention. Thus, it is intended that the 
present invention cover the modifications and variations of this invention provided they 
come within the scope of the appended claims and their equivalents. 
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